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i INK JET HEAD 

^Abstract* 

DBLEM TO BE SOLVED: To realize high density of nozzles by reducing 
occupation area of a chamber by maintaining a quantity of an ink drop to 
3jected, to achieve a highly reliable ink jet head capable of maintaining a 
e quantity of the ink drop even when the nozzles are arranged in high 
sity and executing stable driving, to simplify the manufacturing process 
refor and to improve the processing accuracy. 
LUTION: When a ratio of a diameter of a circumscribed circle to a 
neter of an inscribed circle in a plane shape on a face of a chamber 
vided with a pressurizing plate (the circumscribed circle diameter/the 
bribed circle diameter) is represented by A, the plane shape of the 
ssurizing plate satisfies an expression of 1<A<2. For example, the plane 
pe of the chamber with the pressurizing plate is in a rough square or a 
gh rhombus and the layout of the chambers is in a tessellate lattice, 
xiators are integrally processed by dicing by each raw and each column, 
lirection of a flow of ink in the chamber is in a direction of a longer 
gonal line of the chamber. 
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DTICES * 

%xl Patent Office is not responsible for any 
iges caused by the use of this translation. 

lis document has been translated by computer. So the translation may not reflect the original precisely. 
** shows the word which can not be translated, 
the drawings, any words are not translated. 



UMS 

dm(s)] . , 

dm 1] As opposed to a head main scanning direction the degree of fixed angle Two or more nozzles prepared in the 
>e of [ which was constituted by two or more leaning lines and two or more trains which intersect perpendicularly 
l the head main scanning direction concerned ] a grid, Two or more chambers prepared corresponding to said two or 
e nozzles, respectively, The pressure plate which forms each 1 st page of two or more of said chambers, and the 
ator made to deform said pressure plate so that it may be prepared in said pressure plate, respectively and the ink in 
chamber may be pressurized, Two or more ink pool branches which are arranged corresponding to two or more of 
lines or trains, and supply ink to said two or more chambers, When it has the ink pool main stream in which said at 
t two or more ink pool branches are formed by joining and the ratio [a circumscribed circle diameter/inscribed circle 
neter] of the circumscribed circle diameter of the flat-surface configuration of said pressure plate and an inscribed 
le diameter is set to A, The flat-surface configuration of said pressure plate is an ink jet head characterized by having 
relation of 1<=A<=2. . . 

lim 2] The flat-surface configuration of said pressure plate is an ink jet head according to claim 1 characterized by 

lg an outline square. . , 

lim 3] The flat-surface configuration of said pressure plate is an ink jet head according to claim 1 characterized by 

lg the outline rhombus which has said each line and the side parallel to said each train. 

lim 4] The flat-surface configuration of said actuator is an ink jet head according to claim 3 which is the outline 
nbus which has said each line and the side parallel to said each train. 

lim 5] The ink passage in said chamber is the ink jet head according to claim 4 formed in the direction of the 
jonal line with said longer chamber. 

lim 6] The ink jet head according to claim 1 to 5 which is d/tan theta>=0.2 (mm) when setting the inclination of said 
ti line and head main scanning direction to theta and setting to d (mm) distance of the direction which intersects 
jendicularly to the head main scanning direction of spacing where two or more nozzles arranged in said each line 

aim 7] The ink jet head according to claim 6 whose relation of said n and said d is nxd>=0.2(mm) when the number 
lozzles arranged in said each line is set to n. 

iim 8] The relation of said n and Above theta is an ink jet head according to claim 6 or 7 which is 0.5 <=nxtan 
a<=2. 

aim 9] The ink jet head according to claim 1 to 8 in which the cross-sectional area of said ink pool main stream was 
atly formed rather than said ink pool branch. 

aim 10] The cross section of said ink pool branch and/or said ink pool main stream is the ink jet head accordmg to 
m 1 to 9 formed so that it went down-stream and might decrease. 

anslation done.] 
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f AILED DESCRIPTION 



tailed Description of the Invention] 

ldof the Invention] Much this inventions relate the nozzle in which an ink droplet carries out the regurgitation to 
i density at the ink jet head which can be arranged. In more detail It is the ink jet recording device which an ink 
)let is made to fly to a record medium, and performs image recording etc. Two or more nozzles, The chamber 
tted corresponding to each nozzle, and the pressure plate which forms the 1 st page of a chamber, It has the actuator 
ch drives the pressure plate, and is related with the ink jet head which the ink in a chamber is compressed [ head ] 
>rding to deformation of the pressure plate by the drive of the actuator, and makes an ink droplet breathe out from a 
zle. 
)2] 

scription of the Prior Art] The conventional example is explained with reference to drawing 11 . Drawing. 11 shows 
xample of the conventional ink jet head shown in JP,4- 148936, A. To the nozzle train, the configuration counters to 
i sides by turns, and is allotted to them so that many nozzles 101 may become a location corresponding to 
responding to a single tier in the chamber 102 of a list and a long and slender flat-surface configuration ] a nozzle in 
end. Moreover, feed holes 103 are allotted to the other end of a chamber. 

)3] Furthermore, the ink pool 104 common to all chambers is allotted to the layer to which the chamber was allotted, 
a different layer, and each chamber is connected through feed holes 103. Moreover, the actuator is attached in the 
;sure plate which forms the 1st page of each chamber, respectively. Below, an actuator explains the electrostrictive 
lator constituted by the piezoelectric device. 

)4] A pressure plate is bent by making an actuator drive in the direction which decreases the volume of a chamber 
as a result, the ink in a chamber is compressed, and an ink droplet carries out the regurgitation of the actuation of 
ink jet head from a nozzle 101. It re-fills up with ink from the ink pool 104 via feed holes to a chamber, and the 
lrgitation of a degree is equipped with after the regurgitation of an ink droplet as deformation of a pressure plate 
rns. 
35] 

)blem(s) to be Solved by the Invention] In the conventional ink jet head mentioned above, there is an advantage that 
l density arrangement of a nozzle is realizable, by making the pitch between nozzles small and arranging many 
mbers with small width of face in connection with it. 

06] However, width of face of a chamber must be made small as densification is advanced, and it cannot become the 
figuration by which a pressure plate cannot be easily bent in connection with it, therefore the large amount of 
ome changes of a chamber cannot be taken. Although the amount of volume changes of at least 30 pl(s) (pico liter) 
; needed for realizing high-speed printing, only the minute ink droplet could carry out the regurgitation, consequently 
e was a trouble that printing speed was slow. Or in order to take the large amount of volume changes of a chamber, 
ad to be coped with by enlarging the longitudinal direction die length, consequently the occupancy area of a chamber 
ame large, and the improvement in surface density of a nozzle had the trouble of being unrealizable, as a result. 
07] By being carried out to such a background and using the chamber of a flat-surface configuration by which a 
ssure plate tends to be bent, though the amount of ink droplets which carries out the regurgitation is maintained, this 
sntion can do occupancy area of a chamber small, and aims at offering the ink jet head which can realize 
sification of a nozzle. This invention can perform the drive which could maintain greatly the amount of ink droplets 
ich carries out the regurgitation of the nozzle also as high density arrangement, and was stabilized, and aims at 
iring a reliable ink jet head. This invention aims at offering the manufacture approach of an ink jet head that 
plification of a manufacture process and improvement in process tolerance can be aimed at. 
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08] 

sans for Solving the Problem] The ink jet head by this invention receives a head main scanning direction. The degree 
ixed angle Two or more leaning lines, Two or more nozzles prepared in the shape of [ which was constituted by two 
nore trains which intersect perpendicularly with the head main scanning direction concerned ] a grid, Two or more 
mbers prepared corresponding to said two or more nozzles, respectively, The pressure plate which forms each 1st 
e of two or more of said chambers, and the actuator made to deform said pressure plate so that it may be prepared in 
I pressure plate, respectively and the ink in said chamber may be pressurized, Two or more ink pool branches which 
arranged corresponding to two or more of said lines or trains, and supply ink to said two or more chambers, When 
I at least two or more ink pool branches are equipped with the ink pool main stream formed by joining and set the 
o [a circumscribed circle diameter/inscribed circle diameter] of the circumscribed circle diameter of the flat-surface 
figuration of said pressure plate, and an inscribed circle diameter to A, it is characterized by the flat-surface 
figuration of said pressure plate having the relation of 1<=A<=2. For example, the flat-surface configuration of said 
ssure plate is an outline square. Or the flat-surface configuration of said pressure plate is an outline rhombus which 
said each line and the side parallel to said each train. 

09] Thereby, when an actuator is driven, the efficient chamber which can maintain the amount of need volume 
nges at the time of a drive even if it makes occupancy area of a chamber small since it is the configuration by which 
essure plate tends to be bent can be obtained. Therefore, it becomes possible to arrange a nozzle to high density, 
liout dropping the amount of ink droplets which carries out the regurgitation. 

10] When it is the outline rhombus which has said each line and the side parallel to said each train, as for the flat- 
face configuration of said actuator, it is [ the flat-surface configuration of said pressure plate ] still more desirable 
: it is the outline rhombus which has said each line and the side parallel to said each train. 
11] Thereby, dicing processing of the actuator can be carried out in each line and each train unit at a package, 
jrefore, simplification of a manufacture process, and the dimension of an actuator and highly-precise-izing of a 
ition are attained. 

12] As for the ink passage in said chamber, it is desirable to be formed in the direction of the diagonal line with said 
ger chamber. 

1 3] Thereby, since ink flow in a chamber can be made smooth, the retention of air bubbles is prevented and the 
endability of an ink jet head can be improved. 

14] When setting the inclination of said each line and head main scanning direction to theta and setting to d (mm) 
ance of the direction which intersects perpendicularly to the head main scanning direction of spacing where two or 
re nozzles arranged in said each line adjoin, it is desirable that it is d/tan theta>=0.2 (mm). 

15] Thereby, the width of face of the head main scanning direction of each chamber can set to about 0.2mm or more, 
the chamber dimension which generates the amount only of volume changes which makes the ink droplet of desired 
^nitude breathe out can be obtained. 

16] When the number of nozzles arranged in said each line is set to n, it is desirable for the relation of said n and said 
• be nxd>=0.2(mm). 

17] The width of face of the direction which intersects perpendicularly with the head main scanning direction of each 

mber can set to about 0.2mm or more by this, and the chamber dimension which generates the amount only of 

nine changes which makes the ink droplet of desired magnitude breathe out can be obtained. 

1 8] As for the relation of said n and Above theta, it is desirable that it is 0.5 <=nxtan theta<=2. 

19] Thereby, a head main scanning direction and the direction which intersects perpendicularly with a head main 

fining direction can be made into outline identitas about the dimension tolerance of each chamber. According to this 

)ut, densification is realizable by considering a chamber as matrix arrangement that there is no futility in tooth space. 

example, when the value of nxtantheta is smaller than 1, a larger head main scanning direction than the direction 
ch intersects perpendicularly with this can be taken about the dimension tolerance of each chamber. Moreover, when 
;er than 1, the larger direction which intersects perpendicularly with a head main scanning direction than a head main 
nning direction can be taken. Therefore, since the vacant tooth space can be used effectively as a tooth space of said 
pool branch when the chamber of an outline square or an outline rhombus is used, densification including a chamber 

an ink pool is realizable. 

20] It is more desirable than said ink pool branch to form greatly the cross section of said ink pool main stream. 
21] Even if all the ink flow rates that flow to each ink pool branch flow in an ink pool main stream by this, it can 
sider as stable flow. Moreover, since there is little passage resistance in that case, the ink amount of supply per unit 
e amount can be enlarged, and a regurgitation frequency can be made to increase. Furthermore, the difference of the 
amount of supply between each branch can be reduced, and regurgitation property dispersion between nozzles can 
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controlled. 

22] said ink pool branch — and — or as for the cross section of said ink pool main stream, it is desirable to be formed 
hat it goes down-stream and may decrease. 

23] thereby, in the case of an ink pool main stream, it goes down-stream - alike - following - supply to an ink pool 
ich — moreover, in the case of an ink pool branch, it goes down-stream — although it is alike, and it follows and an 
flow rate all falls by supply to a chamber, it can avoid reducing the rate of flow in that case Supply stabilized by the 
/nstream can be performed by this and regurgitation property dispersion between nozzles can be suppressed, 
reover, the retention of the air bubbles by the rate-of-flow fall can also be controlled, and the dependability of an ink 
lead can be raised. 
24] 

lbodiment of the Invention] It precedes describing the example of this invention, and since the preliminary survey 
; carried out about the configuration of an efficient chamber where the large amount of volume changes at the time of 
ive can be taken even if occupancy area was small, the explanation is given. 

25] About the flat-surface configuration of a square chamber side where the pressure plate is arranged, the area of 
iv in g 1 (a) is the same, and it conducts numerical-analysis investigation of the excluded volume (the amount of 
jme changes) when impressing the same pressure to each configuration from which an aspect ratio differs. In 
ition, with nickel, elastic-modulus 200GPa and its thickness were set to 20 micrometers, and the area of the 
ssurization side of a chamber set impressed pressure to O.lMPa(s) for the quality of the material of the pressure plate 
>.608 square mm and an actuator. 

26] According to this result, it turned out that it is easy to bend, so that it is so close to a square that the aspect ratio 
l chamber flat-surface configuration is close to 1, and the amount of volume changes can be obtained greatly. That is, 
big amount of volume changes can be obtained also in a smaller occupancy area by using the chamber of the flat- 
face configuration near a square. 

27] In addition, although investigated about the square in main investigation, the same effectiveness is acquired also 
nother polygon and another round shape. In more detail, it is easy to bend, so that the ratio of a polygon, the largest 
ith-of-face dimension that can be set circularly, and the smallest width-of-face dimension is close to 1, and the 
:>unt of volume changes can be obtained greatly. 

28] Then, the thing of various configurations classified according to the number of angles is considered as the flat- 
face configuration of a chamber, i.e., a flat-surface configuration of a pressure plate. For example, with a triangle, an 
ilateral triangle, a right triangle, an isosceles triangle, etc. can be considered, and a square, a rectangle, a trapezoid, a 
mbus, etc. can be considered with a square. Drawing 1 (b) is the result of carrying out numerical analysis of the 
luded volume (the amount of volume changes) when impressing a pressure (constant value) to the pressurization side 
jssure plate) of each of that chamber under the conditions that the area of the pressurization side of the chamber is 
same, to a triangle, a square, a hexagon, and the thing of various configurations that can be set circularly. An axis of 
cissa is the value (the configuration index of this chamber is henceforth called A value) of"/ (diameter of a 
aimscribed circle)" of the flat-surface configuration of the pressurization side of each chamber (diameter of an 
bribed circle), and an axis of ordinate is the amount of volume changes. The minimum value depending on the 
nber of angles of the flat-surface configuration of the pressurization side of a chamber exists in A value here, and in a 
ngle, it is [ at 2 (at the time of an equilateral triangle), and a square / in root2 and a hexagon ] 1 (at the time of a 
feet circle) in 2/root3 (at the time of a forward hexagon), and a round shape (when it is a square). In addition, as an 
lysis condition, supposing nickel, elastic-modulus 200GPa and its thickness were set to 15 micrometers, and the area 
he pressurization side of a chamber set impressed pressure to O.lMPa(s) for the quality of the material of 0.375 
are mm and a pressure plate. 

29] According to this result, it became clear to hardly depend for the relation between A value and the amount of 
time changes on the number of angles of the flat-surface configuration of the pressurization side of a chamber. That 
f the area of the pressurization side of a chamber is decided, only A value can prescribe most amounts of volume 
nges. From this drawing, in order to have realized 30 or more pis made into a target, it became clear that it is 
essary to make A value or less into two. In addition, the minimum value of A value is 1 at the time of a perfect 
de. 

30] In this invention, as mentioned above, matrix arrangement of the nozzle is carried out at the shape of a grid. In 
; case, it will be said that the conditions which are imposed on a chamber dimension in arranging a chamber for each 
zle have breadth smaller than the nozzle pitch (=d/tantheta) of a head scanning direction, and it is smaller than the 
zle row pitch (=dxn) of the direction where a head scanning direction and a dip cross at right angles. Therefore, the 
o of breadth and a dip is expressed with nxtantheta and shows the ratio (length^eside) the tolerance of a chamber 
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ension. the time of A value of the configuration index of the above-mentioned chamber arranging the chamber 
ch fills 1<=A<=2, if the value is from 0.5 (oblong) to 2 (longwise) -- a chamber - being efficient (high density) - it 
arrange. That is, if it is 0.5 <=nxtan theta<=2 3 the effectiveness which can arrange the chamber which realizes 30pl 
igh density can be acquired. 

51] The following examples explain an outline square chamber to the shape of a grid of the squares in response to 
analysis result at a detail about the prototype evaluation which earned out matrix arrangement using drawing. 
32] (The first example) In the first example of this invention, the flat-surface configuration carried out matrix 
ngement of the chamber which is an outline square at the shape of a grid of the squares, and adopted the Cush tooth 
n-like ink pool which has a main stream and two or more branches as an ink pool which supplies ink to each 
mber further. A configuration for that is shown below. Drawing 2 is the general drawing of an ink jet head showing 
first example of this invention. Moreover, dr awing 3 is the enlarged drawing showing the detail. Furthermore, 
#_ing 4 is the sectional view showing the solid configuration in a chamber unit. 

33] It is joined to the nozzle 1 in which an ink droplet carries out the regurgitation, the pressure plate 7 with which it 
[lotted corresponding to each nozzle, and the flat-surface configuration constitutes the chamber 2 of an outline 
are, and the base of a chamber, and a pressure plate, and matrix arrangement of two or more ink room units which 
e the actuator 9 equipped with the individual electrode 8 which impresses driver voltage is carried out at the shape of 
id of the squares, and the ink jet head of this example is constituted. Moreover, the ink pool branch 5 and the ink 
1 main stream 6 connect, and the Cush tooth form-like ink pool is formed. The pressure room of each ink room unit 
onnected with the ink pool branch 5 by the feed holes 3 allotted corresponding to each. 



/ are the distance 20 (henceforth [ d ]) of the direction which intersects perpendicularly to said each lines 1 1 , 12, and 
ind the head main scanning direction 30 of spacing where two or more nozzles arranged to ... adjoin, the include 
le 31 (henceforth [ theta ]) of said each lines 1 1, 12, and 13 and the ... and head main scanning direction 30, and said 
h lines 11,12, and 13, the number of nozzles (henceforth [ n ]) arranged to ... and the total (henceforth [ m ]) of each 
iaid line. Moreover, they are said each trains 21, 22, and 23 and the direction where the head main scanning direction 
and ... cross at right angles. In this prototype, each value was set to n= 6 and m= 16 d= 0.1693mm and theta= 12.53 
Tees. The width of face of the direction where the total number of nozzles is 96 pieces, and, as for the dimension 
ranee of each chamber 2, 0.762mm, a head main scanning direction, and the width of face of a head main scanning 
action cross at right angles according to this layout is 1 ,016mm. Among those, the dimension of the chamber 2 used 
this prototype was used as the 0.6 12mmx0.6 12mm square chamber. 

35] In the case of this layout and a chamber dimension, that direction that intersects perpendicularly is vacant as for 
tooth space between nozzles from the head main scanning direction. In this prototype, width of face considered as 
large mass ink pool as much as possible by utilizing this tooth space as an ink pool branch 5, and cross talk 
uction between nozzles at the time of a regurgitation drive and improvement in drive frequency by the improvement 
i refill rate were realized, the ink pool branch 5 is parallel to said each line to which only theta inclined to the head 
in scanning direction 30 according to this ink pool layout, and that number of it is the same as that of several m of 
hofsaidline-it****. " . 

36] Each ink pool branch 5 joins the ink pool main stream 6 in each end. It has branched from the ink pool mam 
jam 6 from each ink pool branch 5 so that change of the include angle of the flow direction at the time of carrying out 
itting to a branch 5 may become less than 90 degrees from the ink pool main stream 6. Since generation of the eddy 
he time of carrying out splitting and generating of the flow stagnation point can be prevented by this, ink supply 
rilized in each chamber can be performed, and it becomes possible to raise the dependability of an ink jet head, 
reover, although [ this prototype ] the width of face of the ink pool branch 5 is fixed from the upstream to a lower 
;am of 'a river, it considered as the structure where down-stream one becomes narrow about the ink pool main stream 

37] In addition, in this prototype, the dummy chamber which does not drive in fact the train equivalent to the point of 
h ink pool branch 5 and the line which asks the point and root headquarters of the ink pool main stream 6 is 
pared. All of the chamber and structure of normal where a dummy chamber drives are the same. By preparing this 
nmy chamber, the mixed air bubbles can be made easy to discharge and it becomes possible to raise the 
>endability of an ink jet head. 

•38] The appearance of the actuator 9 arranged on each chamber 2 is the same as that of the dimension of a chamber 
ind it set thickness to 30 micrometers. Conductive adhesives (not shown) are used for junction to a pressure plate 7. 
3 individual electrode 8 which impresses driver voltage is arranged on the pressure plate 7 and the field which 
inters, respectively, and, as for the common electrode, the pressure plate 7 is bearing the role. 
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39] In addition, although the actuator ingredient used by this example is the PZT system ceramics, other common 
oelectrics etc. can also be used. 

40] Next, the manufacturing method of this example is explained using drawing. As shown in drawing 6 , the sheet- 
piezo electric crystal 40 with a thickness of 30 micrometers which made both sides vapor-deposit the Au electrode 
s stuck on the temporary fixed substrate 43 through the temporary fixed pressure sensitive adhesive sheet 42. Then, 
hown in drawin g 7 , sandblasting processing is performed using the mask 44 created according to the location and 
tension which are needed as an actuator, and separation processing of each actuator 9 is carried out. Furthermore, 
r applying electroconductive glue (not shown) to the actuator front face and making the pressure plate 7 with a 
kness of 1 5 micrometers carry out imprint junction, the previous temporary fixed pressure sensitive adhesive sheet 
ind the previous temporary fixed substrate 43 are removed. The unit of a pressure plate and an actuator is completed 
he above. 

41] Next, the explanation for manufacturing the ink room containing the ink pool branch 5 grade of the shape of a 
zle 1, a chamber 2, and Cush tooth form is described. Drawing 8 shows the member which constitutes an ink room. 
;y are' the pool plate 54 which has the ink pool branch 5 and main stream 6 of the shape of the nozzle plate 51 which 
a nozzle, the hole which is open for free passage for a nozzle, and Cush tooth form, the feed-holes plate 53 which 
the hole which is open for free passage for a nozzle, and feed holes, the chamber plate 52 which has a chamber, and 
id a pressure plate 7. All these members used the stainless steel plate. A nozzle 1 and feed holes 3 were created using 
foration press working of sheet metal, and created Cush tooth form-like the ink pool branch 5 and a chamber 2 using 
ling. These ink room members (51, 52, 53, 54) except a pressure plate 7 are joined with glue, and the pressure plate 7 
ch stuck the actuator 9 stated to the front and rear is joined with glue. 

42] Furthermore, electrical connection for impressing driver voltage to the individual electrode 8 arranged on each 
lator 9 is performed. In this prototype, the electrode terminal of a flexible printed cable (flexible printed cable) (not 
wn) was arranged on the periphery of matrix arrangement, and the terminal and individual electrode 8 of each 
lator 9 were connected by wirebonding. Then, in order to give piezoelectric to an actuator 9, bias voltage was given 
polarization processing was performed. 

43] Next, actuation of this example is explained. The tube for ink supply (not shown) is connected to the origin of 
ink pool main stream 6 of the shape of Cush tooth form of the ink jet head created as mentioned above, and ink 
>regnation is performed. Then, the ink pool main stream 6 -> it fills up with ink in order of the ink pool branch 5 -> 
j-holes 3 -> chamber 2 -> nozzle 1 . 

44] If a voltage waveform as shown at drawin g 9 between the individual electrode 8 of each actuator 9 and the 
imon electrode (pressure plate 7) is impressed, according to the bimorph effectiveness (bimorph effect), a pressure 
ce will bend, it will deform, the ink in a chamber will be compressed, and an ink droplet will carry out the 
urgitation from a nozzle. 

45] As a result of impressing a wave-like electrical potential difference as shown in drawing 9 according to an 
ividual to the actually manufactured ink jet head, it checked that the ink droplet of 30pl(s) stabilized and carried out 
regurgitation from all nozzles. Furthermore, as a result of changing the number of the nozzles which carry put a 
cicidence drive and conducting the same experiment, it was not concerned with the number of drives, but checked 
t the ink droplet of this drop measure stabilized and carried out the regurgitation. Moreover, the difference in the 
urgitation property by the location to drive was not checked, either. It was proved experimentally that the 
jctiveness which can arrange a nozzle to high density by using the chamber of an outline square and the combination 
i Cush tooth form-like ink pool branch is checked, that ink jet was stabilized and the regurgitation was carried out 
xi this experimental result. 

46] Moreover, when a Cush tooth form-like ink pool is used, the ink flow rate in a pool main stream decreases like a 
'er stream of a river. Therefore, by narrowing the downstream of a pool main stream like this example, the fall of the 
rate of flow does not occur, but the downstream is also effective in the ability to prevent the residual of the air 
»bles in ink, or dust. 

47] In addition, although thickness of the pressure plate in this example was set to 15 micrometers, when the 
:kness of 2 micrometers was used, even if it made the dimension of a chamber small to 0.2mmx0.2mm, carrying out 
regurgitation of the ink droplet of 30pl(s) similarly was checked by experiment. 

48] Here, when the pitch of the head main scanning direction of a nozzle is set to w, since it is conditions 0.2mm or 
re, it is w=d/tantheta, and w is d/tan theta>=0.2 (mm), and if this formula is transformed, it will become tantheta<= 
).2). Therefore, if arrangement of a nozzle is the conditions of theta<=5d of 0 <=tan(s), and nxd>=0.2(mm), since it 
arrange this chamber, it can realize the array of high density further. 

49] (The second example) In the first example of this invention, though the efficient property of a square chamber is 
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nited by considering as a rhombus chamber respectively parallel to said each line and said each train, since each side 
ach chamber appearance can make ink flow in a chamber smooth, the retention of air bubbles is prevented, and if 
improve the dependability of an ink jet head and can also facilitate the manufacturing method of an actuator further, 
configuration is shown below as the second example of this invention. 

50] Drawing 10 is the enlarged drawing showing the detail of the ink jet head which shows the second example of 
invention. Whole head configuration and solid configuration are the same as that of the first example. 
51] The flat-surface configuration is an outline rhombus, and the inclination of the chamber configuration in the ink 
lead of this example of each of that side corresponds with each [ said each lines 11,12, and 13, / said ] trains 21, 
and 23 and the inclination of ... in more detail. In this chamber 2, a nozzle 1 and feed holes 3 are allotted to the both 
s of the diagonal line of the longer one, respectively. Moreover, according to this, the inclination of the configuration 
n actuator 9 of each of that side corresponds with each [ said each lines 11,12, and 13, / said ] trains 21, 22, and 
ind the inclination of ... 

52] The layout of the matrix arrangement to parts other than this, i.e., the Cush tooth form-like ink pool branch 5 and 
essure plate 7, and a pan itself presupposed that it is the same as that of the first example. 

53] Next, the manufacturing method of this example is explained. In addition, in the manufacturing method of this 
mple, since a different point from the first example is only a point which carries out separation processing of the 
lator, it explains this point. 

54] After sticking on the temporary fixed substrate 43 the sheet-like piezo electric crystal 40 which vapor-deposited 
Au electrode 41 to both sides as the first example described, in this example, dicing processing simpler than 
iblasting processing in which high degree of accuracy and stable processing are possible is performed, and 
aration processing of each actuator 9 is carried out. Here, for every line and train, since the side is on a straight line, 
actuator of this example can carry out dicing processing in each line and each train unit at a package. Therefore, the 
ik which was required of sandblasting processing becomes unnecessary, a mask-alignment process can be deleted by 
cause, and there is an advantage that the dimension and location of an actuator 9 are more processible into high 
ree of accuracy further. 

55] About actuation of this example, it is mentioned that the ink flow in a chamber 2 becomes more smooth as for a 
erent point from the first example. That is, since ink flows in the direction of a vertical angle of the longer one of the 
mbus chamber 2, the corner through which ink passes serves as an obtuse angle, it can be hard to generate the flow 
jnation, and it can become possible [ preventing the retention of air bubbles ], and can raise the dependability of an 
jet. 

56] As a result of conducting the same experiment as the first example to the actually manufactured ink jet head, it 
eked that the ink droplet of 30pl(s) stabilized and carried out the regurgitation from all nozzles. Furthermore, as a 
lit of changing the number of the nozzles which carry out a coincidence drive and conducting the same experiment, 
as not concerned with the number of drives, but checked that the ink droplet of this drop measure stabilized and 
ied out the regurgitation. Moreover, the difference in the regurgitation property by the location to drive was not 
eked, either. It was proved experimentally that an outline rhombus chamber has the same efficient property as an 
line square chamber, the effectiveness which can arrange a nozzle to high density with combination with a Cush 
\h form-like ink pool branch is checked, that ink jet was stabilized and the regurgitation was carried out from this 
erimental result. Moreover, simplification of a manufacture process and improvement in process tolerance were 
izable by using the actuator which has the same outside ** as an outline rhombus chamber. 
57] 

feet of the Invention] As explained above, even if it makes occupancy area of a chamber small, according to the ink 
lead of this invention, the efficient chamber which can maintain the amount of volume changes at the time of a drive 
be obtained by using the chamber with which A value of the configuration index of a chamber fills 1<=A<=2. 
jrefore, it becomes possible to arrange a nozzle to high density, without dropping the amount of ink droplets which 
ries out the regurgitation. 

58] Moreover, since the chamber with which A value of the configuration index of a chamber fills 1<=A<=2 can 
ce ink flow in a chamber smooth by making an internal ink flow direction into the direction of the diagonal line of 
longer one of it in the case of an outline square or an outline rhombus, the retention of air bubbles is prevented and 
dependability of an ink jet head can be improved. Furthermore, each line and dicing processing for every train are 
ined by making an actuator into the same outline rhombus as a chamber especially in an outline rhombus chamber, 
manufacture process simplification and improvement in process tolerance can be realized. 

59] Moreover, theta<=5d of 0<tan(s), nxd>=0.2, the layout at the time of carrying out matrix arrangement is related 
h the shape of a grid of the squares at Above theta, n, and d (mm). Or since A value of the configuration index of a 
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Tiber can consider the chamber which fills 1<=A<=2 as matrix arrangement by considering as 0.5 <=nxtan theta<=2 
there is no futility in tooth space, it is efficient and a chamber with a small occupancy area can be arranged more to 
i density. Moreover, the densification in a layout including an ink pool branch is also realizable. 
30] Moreover, since it can consider as stable flow and the ink amount of supply per unit time amount can be 
rged by forming the cross section of an ink pool main stream greatly rather than an ink pool branch, a regurgitation 
uency can be made to increase. Furthermore, regurgitation property dispersion between nozzles can be controlled. 
51] Moreover, by decreasing and preparing the cross section of an ink pool branch or an ink pool main stream, so 
it goes down-stream, supply stabilized by the downstream can be performed and regurgitation property dispersion 
veen nozzles can be suppressed. Moreover, the retention of the air bubbles by the rate-of-flow fall can also be 
trolled, and the dependability of an ink jet head can be raised. 

52] As mentioned above, effectiveness is in the densification of an ink jet head, the improvement in dependability, 
>erty dispersion reduction, manufacture process reduction, and the improvement in process tolerance, and industrial 
le is great. 



uislation done.] 
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